Introduction Alcohol consumption is a well-established risk factor for breast cancer. Some studies have suggested that the risk of breast cancer associated with alcohol consumption is greater for women with a history of benign breast disease (BBD). We hypothesized that among women with biopsyconfirmed BBD, recent alcohol consumption would increase the risk of breast cancer in women with proliferative breast disease to a greater extent than in women with nonproliferative breast disease.
Introduction
Alcohol consumption is a well-established risk factor for breast cancer. Among those who drink, recent alcohol consumption of two or more drinks a day is associated with an approximately 30% increased risk of breast cancer compared with nondrinkers [1] [2] [3] . A pooled analysis of over 32,000 women participating in six prospective cohort studies [1] , and at least three meta-analyses [2, 4, 5] , confirmed that risk of breast cancer increases monotonically with increasing alcohol consumption [1, 2] .
Data from epidemiologic studies also suggest that alcohol may influence early stages as well as later stages of breast carcinogenesis. The primary evidence that alcohol may have an effect on early stages in the carcinogenic process comes largely from studies of alcohol consumption and mammographic density. Breast density is a strong predictor of breast cancer risk and is considered to be an early biomarker of breast cancer [6] [7] [8] [9] . In most studies, recent alcohol consumption is positively associated with mammographic density [10] [11] [12] . Recent alcohol consumption has not been associated BBD = benign breast disease; CI = confidence interval; NHS (I, II) = Nurses' Health Study (I, II); OR = odds ratio; RR = relative risk.
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with increased incidence of proliferative benign breast disease (BBD) [13] [14] [15] , although alcohol consumption between the ages of 18 and 22 has been associated with an increased risk of proliferative breast disease in one study [13] .
A few studies have suggested that the increased risk of breast cancer associated with alcohol consumption is greater for women with a history of BBD [16, 17] , although the interactions were not statistically significant and this relation has not been observed in all studies [18] . BBD comprises multiple histologic subtypes. In prospective studies, where investigators have examined the risk associated with histologic subtypes of BBD, the proliferative lesions and in particular those with atypia were associated with the highest risk [19] [20] [21] . We hypothesized that among women with biopsy-confirmed BBD, alcohol consumption would increase the risk of breast cancer in those with proliferative breast disease to a greater extent than in women with nonproliferative breast disease.
Materials and methods
Study population
The Nurses' Health Study (NHS I) cohort was initiated in 1976, when 121,700 US registered nurses ages 30 to 55 returned an initial questionnaire. The Nurses' Health Study II (NHS II) is also an ongoing cohort study of over 116,000 US female nurses who were 25 to 42 years of age in 1989 when the study was initiated. Every 2 years, information on reproductive variables, body mass index, exogenous hormone use, and disease outcomes is collected in both cohorts. Semiquantitative food frequency questionnaires were included as part of the biennial questionnaire in 1980, 1984, 1986, and 1990 in NHS I, and in 1991 in NHS II. Alcohol consumption was also assessed on the baseline 1989 questionnaire in NHS II. The methods developed to follow up participants and confirm incident cancers and death in the Nurses' Health Study have been described previously in detail elsewhere [22] and have been applied to NHS II.
Benign breast disease
Beginning with the initial NHS I questionnaire in 1976, participants have been asked on every biennial questionnaire to report any diagnosis of fibrocystic disease or other BBD. Early questionnaires (1976, 1978, and 1980 ) asked whether the respondent had ever been diagnosed as having 'fibrocystic disease' or 'other BBD' and whether she had been hospitalized with this diagnosis. Beginning in 1982, the NHS I questionnaires sought specific details of a history of biopsyconfirmed BBD. The initial 1989 NHS II questionnaire and all subsequent biennial questionnaires also asked participants to report any diagnosis of BBD and to indicate if it was confirmed by biopsy or aspiration.
Selection of breast cancer cases and controls
We conducted a case-control study nested within the subcohort of women with a biopsy-confirmed BBD. Incident breast cancer cases in both cohorts were identified through the nurses' own reports and were confirmed by review of medical records. Cases in the study are cases of breast cancer diagnosed by 1 June 1994 (NHS I) or 1 June 1995 (NHS II) with a previous confirmed BBD biopsy and available pathology specimens (histologic sections and/or tissue blocks). Controls are women who did not have a diagnosis of breast cancer when the case was diagnosed and also had a previous biopsy-confirmed BBD and available pathology specimens. Controls were matched to cases on year of birth and year of biopsy. Attempts were made to identify four matched controls for each case, although this was not always possible. This study was approved by the Committee on Human Subjects at Brigham and Women's Hospital.
We identified incident confirmed breast cancer cases diagnosed after the return of the initial questionnaire through the 1994/1995 follow-up cycle and controls that also reported a previous biopsy-confirmed BBD. A total of 1,080 cases were originally identified for this study, and 4,353 controls matched on age and year of benign breast biopsy were selected. After selection, 2.1% were found to be no longer eligible and were excluded. Seventy-five percent of eligible participants confirmed their BBD biopsy and granted permission to review their pathology slides. In response to our slide requests, we received pathology specimens for 55% of the study subjects. The primary reason given by pathology departments for not sending slides or tissue blocks was that the specimens had been destroyed or were no longer available (33%). There were no significant differences in the success of obtaining slides for breast cancer cases and controls. A detailed description of the steps of specimen collection and exclusions of selected cases and controls during the collection process are included in Table 1 . An additional 156 women were excluded for the following reasons: reported bilateral BBD, but tissue specimen did not identify breast side (n = 2), report of breast cancer either before study start or after the 1994/1995 follow-up cycle (n = 10), and date of benign breast diagnosis was within six months of the breast cancer diagnosis date (cases) or index date (controls) (n = 144).
Pathology review
Slides were coded by a research assistant and submitted to one of two collaborating pathologists (SJS, JLC) in a blinded fashion. The pathologists independently reviewed the BBD biopsy slides. Any slide identified as having either questionable atypia or atypia was jointly reviewed by the two pathologists. For each set of slides reviewed, a detailed work sheet was completed quantifying the extent of proliferative and atypical changes, morphologic features, and other details. BBDs were classified according to the Page classification system [23] into one of three categories: nonproliferative, proliferative without atypia, and atypical hyperplasia. Upon pathology review, it was determined that 29 women with an original BBD diagnosis had evidence of carcinoma in situ (n = 25) or invasive carcinoma (n = 4). These women were excluded from further analysis. There were 353 breast cancer cases and 1,495 controls with pathology slides available from their BBD biopsy.
Assessment of alcohol consumption
Information on alcohol consumption was obtained from semiquantitative food frequency questionnaires. In NHS I, questions regarding alcohol consumption were asked in 1980, 1984, 1986, and 1990 . Women were asked about their average consumption of beer, wine, and liquor separately in the prior year. One drink was considered equal to one can or bottle of beer, a 4-ounce glass of wine, or one drink or shot of liquor. Participants were asked to select from the following categories: almost never, 1 to 3 per month, 1 per week, 2 to 4 per week, 5 to 6 per week, 1 per day, 2 to 3 per day, 4 to 6 per day, 6 or more per day. Similarly, women in NHS II answered questions on consumption of alcohol in the 1989 and 1991 questionnaires. In 1991, the NHS II alcohol questions were expanded to include red wine, white wine, light beer, regular beer, and liquor. Total alcohol consumption per questionnaire cycle was calculated by adding the alcohol contributions from beer, wine, and liquor. Grams of ethanol per day were calculated based on the following equivalents of 12.8 g for regular beer, 11.3 g for light beer, 11.0 g for wine, and 14.0 g for liquor. Alcohol consumption in NHS I has been shown to be valid and highly reproducible in repeated assessments [24] .
Women were assigned the alcohol exposure from the cycle preceding the diagnosis of breast cancer. Cases and controls in NHS I with diagnosis (or index) dates preceding the initial food frequency questionnaire administered in 1980 were excluded from the analysis (n = 36 cases, 129 controls). If alcohol consumption was missing from the questionnaire before the index date, the exposure from the preceding cycle was assigned. The Spearman correlation between reported alcohol consumption in questionnaire cycles was 0.80 (P<0.0001) or greater for all consecutive cycles. Women with missing alcohol exposure data from two cycles preceding the index date were excluded from the analyses (n = 35 cases, 143 controls). Thus, there were 282 patients with breast cancer and 1,223 controls eligible for this study with both BBD pathology and detailed alcohol exposure preceding their index date.
Analytic methods
Odds ratios (ORs) and 95% confidence intervals (CIs) were determined using logistic regression models controlling for matching factors (age, year of BBD biopsy) and follow-up time using the SAS software package (version 8.0; SAS institute, Cary, NC). Follow-up time was defined as the time from BBD diagnosis to breast cancer diagnosis date (cases) or index date (controls). Information on potential confounding variables was obtained from responses on biennial questionnaires. For each 2-year cycle of case-control selection, covariate information was determined from the responses on questionnaires Analyses examining the combined effect of benign breast histology and alcohol consumption were based on a cross-classified variable that used nonproliferative breast disease and consumption of 0 g of alcohol per day as the reference group. To examine whether the association between alcohol consumption and breast cancer was modified by benign breast histology, we conducted a likelihood ratio test to assess statistical significance of an interaction term using an ordered scale for benign breast histology and alcohol consumption.
Results
Among the controls selected in this nested case-control study, women with atypical hyperplasia were older at biopsy and had their biopsies slightly later (1983 versus 1979) than women with nonproliferative benign histology ( Table 2) . Women with atypical hyperplasia had a greater prevalence of family history of breast cancer and were less likely to be premenopausal at benign biopsy than women with nonproliferative breast disease. In addition, recent alcohol consumption was greatest for women with atypical hyperplasia and lowest for women with nonproliferative breast disease ( Table 2 ). This result is unexpected, given that previous analysis in the NHS II cohort indicated that recent alcohol consumption is not associated with an increased risk of proliferative breast disease, including atypical hyperplasia [13] . Adjusting for age did not change the interpretation of the results in Table 2 . For the other breast cancer risk factors presented in Table 2 , there was no clear pattern of association with benign histology.
Overall, women with proliferative breast disease without atypia had a 50% greater risk of breast cancer than women with nonproliferative disease (OR = 1.54) ( Table 3) . Women with atypical hyperplasia had a more than fourfold increased risk of breast cancer in comparison with women with nonproliferative breast disease (OR = 4.43) ( Table 3) .
In this nested case-control study, there was no increased risk of breast cancer among women drinking ≥ 15 g of alcohol per day compared with nondrinkers (OR = 0.86; 95% CI 0.50 to 1.46).
The combined effects of alcohol consumption and category of BBD histology are presented in Table 4 . Among women with nonproliferative BBD, recent alcohol consumption was positively associated with breast cancer risk: those consuming ≥ 15 g of alcohol per day had a nonsignificant 67% increased risk of breast cancer (OR = 1.67; 95% CI 0.65 to 4.34).
Among women with nonproliferative BBD, there was a 10% increased risk of breast cancer per 5 g increase in daily alcohol consumption (OR = 1.10; 95% CI 0.95 to 1.27). Among women with proliferative BBD without atypia, there was no increased risk of breast cancer associated with a 5-g increase in daily alcohol consumption (OR = 0.97; 95% CI 0.87 to 1.08). Similarly, among women with proliferative BBD with atypia, there was no evidence that increasing alcohol consumption increases risk: a 5-g increase in alcohol consumption was associated with a nonsignificant 12% reduction in breast cancer risk (OR = 0.88; 95% CI 0.73 to 1.06). The interaction between alcohol consumption and BBD category was not statistically significant (P = 0.20).
Analyses limited to invasive breast cancers (n = 232 cases) showed similar results. We were limited in power to adequately assess this relation according to menopausal status and estrogen receptor status of the cancer.
Discussion
To our knowledge, this is the first study to prospectively examine the effects of alcohol with proliferative BBD in relation to subsequent breast cancer risk. The results of this study indicate that recent alcohol consumption does not increase the risk of breast cancer to a greater extent among women with proliferative BBD than in women with nonproliferative BBD.
Previous epidemiologic studies have examined the effect of alcohol consumption among women with a self-report of BBD, with inconsistent results [1, [16] [17] [18] . In a cohort study conducted in the Netherlands, van den Brandt and colleagues reported a nonsignificant 2.5-fold increased risk of breast cancer among women with BBD who drank ≥ 15 g of alcohol per day compared with nondrinkers (P for trend = 0.15) [16] . A pooled analysis of six cohort studies, including the Netherlands cohort just mentioned, reported no significant interaction between alcohol consumption and BBD with respect to breast cancer risk (P = 0.23) [1] . In the California Teachers Study, the joint effect of history of BBD and high alcohol consumption was associated with a twofold increased risk of breast cancer (relative risk (RR) = 1.97; 95% CI 1.39 to 2.79), while nondrinkers with biopsy-confirmed BBD had a 35% increased risk of breast cancer (RR = 1.35; 95% CI 1.05 to 1.73) in comparison with nondrinkers with no history of BBD [17] .
Benign breast conditions are a heterogeneous group of diseases and therefore may not all respond to alcohol exposure in the same manner. Although all of the women in this study had a biopsy removing their benign lesion, we were operating under the assumption that the BBD is a marker of susceptibility and the remaining breast tissue may have a similar susceptibly to the effects of alcohol later in life. Nonproliferative breast diseases comprise a large proportion of reported BBD biopsies. The inconsistencies observed between our study and previous studies may be due to the heterogeneous nature of BBD and variability in distribution of BBD types between different studies.
One proposed mechanism by which alcohol may influence breast cancer risk is by increasing circulating estradiol levels, as has been observed in controlled feeding studies in both premenopausal and postmenopausal women [6, 7] . A second potential mechanism is that alcohol may function as a cocarcinogen, inhibiting detoxification of carcinogens, or by impairing clearance of carcinogens [3, [8] [9] [10] . There are data suggesting that alcohol may act early in the carcinogenic process [6] [7] [8] [9] , as well as later, functioning as a tumor promoter [3] .
The current study failed to support our a priori hypothesis and suggests that recent alcohol consumption does not contribute additional risk to women with proliferative breast disease. One explanation may be that women with proliferative breast diseases are further along on the continuum to breast cancer, and are already at an elevated risk of breast cancer, which is no longer affected by alcohol. In contrast, women with nonproliferative breast disease are not as far along the pathway to breast cancer and specific exposures such as alcohol may exhibit harmful effects and influence the risk of breast cancer.
Byrne and colleagues conducted a similar study in the Nurses' Health Study to examine the effects of postmenopausal hormone use among women with BBD [25] . Similarly, the results were contrary to their a priori hypothesis and they observed no elevated risk of breast cancer among women with proliferative breast diseases according to current use of hormones or duration of use, again suggesting that these women may be at such an increased risk of breast cancer that the additional effect of exogenous hormone use is minimal or none.
In Figure 1 , we have schematically described the evidence relating alcohol exposure to breast cancer. It is well accepted that recent alcohol consumption increases the risk of breast cancer [1, [16] [17] [18] [26] [27] [28] and there is little evidence that alcohol intake early in life affects breast cancer risk [17, [26] [27] [28] . The three studies examining alcohol and proliferative breast disease suggest that recent alcohol intake does not increase the risk of proliferative breast disease [13] [14] [15] and may in fact be inversely related to it, with estimates ranging from a 10% [13] to a 77% [14] reduction in risk comparing the highest category of alcohol consumption with nondrinkers. These results, along with those from the current study, suggest that the association observed between recent alcohol consumption and breast cancer may not be mediated through proliferative breast disease. However, Byrne and colleagues examined alcohol consumption between the ages of 18 and 22 and proliferative breast disease and reported a 30% increased risk among women consuming ≥ 15 g of alcohol per day compared with nondrinkers (RR = 1.33, 95% CI 1.05 to 1.69) [13] , suggesting that only very early alcohol consumption may affect proliferative BBD.
The progression from tumor initiation to breast cancer is not well defined. One hypothesis is that the pathway from normal tissue to breast cancer arises from a series of preinvasive lesions: benign proliferative changes, atypical hyperplasia, and carcinoma in situ. If all breast cancers arise from benign lesions, the results of this study, in conjunction with other data, imply that there may be a narrow window of time when alcohol consumption affects breast cancer risk. An alternative explanation may be that there are multiple pathways to breast cancer and pathways involving proliferative benign breast lesions may not be influenced by alcohol consumption. A third possibility is that the magnitude of risk associated with benign proliferative lesions, and in particular atypical hyperplasia, is so much greater than the effect of alcohol that we were underpowered to detect more subtle increases in risk attributable to alcohol in this study.
Although this is one of the largest studies of its kind, the number of women with proliferative breast disease and high alcohol consumption was small. We were underpowered to examine this relation in greater detail with regard to menopausal status and estrogen receptor status of tumors. A potential concern of the study is that the final study population represents 37% of those originally selected. The study protocol required collection of pathologic specimens in order to have unified review of histologic sections. The major limitation of this is that many hospitals routinely destroy specimens after 5 or 10 years. As a result, many potential cases and controls were excluded, which could result in potential selection bias. There were no significant differences in reasons for loss comparing cases to controls, indicating that any differences that do occur are likely to be due to chance.
Conclusion
In this study, we observed that women with proliferative BBD experienced no additional risk of breast cancer with increased alcohol consumption. It remains unclear whether alcohol acts early, acts late, or has multiple effects on breast cancer risk.
Future studies with greater numbers should examine menopausal and hormone receptor status of the cancers in order to provide additional information on both timing of relevant exposure and biologic mechanisms.
